The best documented example of a naturally occurring intermediate plant is the tropical grass, Panicum milioides. Response of AP2 to 02, CO2 evolution in the light, and r of P. milioides were found to be intermediate to those observed in P. maximum, a C4 species and Festuca arundinacea, a C3 species (4). The intermediate gas exchange characteristics of P. milioides have been confirmed in other laboratories (17, 18, 20, 22 
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is Kranz-like in appearance, but with fewer organelles in bundle sheath cells and more widely spaced veins than are normally observed in C4 plants (4, 16) . Quebedeaux and Chollet (22) reported an intermediate response of growth parameters of P.
milioides to changes in 02 and CO2 concentration when compared to P. bisulcatum Thunb. (C3) and P. miliaceum L. (C4). Reduced photorespiration in P. milioides may be ascribed in large part to slightly elevated activities of P-enolpyruvate carboxylase detected in this species (10, 17, 18, 21) in combination with relatively low activities of ribulose bisP oxygenase (10, 18) and glycolate oxidase (21) . Recent information suggests that compartmentation of P-enolpyruvate carboxylase and ribulose bisP carboxylase in the mesophyll and bundle sheath cells, respectively, may be an important factor in the reduced photorespiration in P. milioides (23) , although no such compartmentation was detected in an earlier study (21) . Panicum hians El 1. is a North American species which is considered conspecific with P. milioides (b) and is included in some of the studies referred to above (10, 21) .
In the following study, photosynthetic 02 responses, r and leaf anatomical characteristics of 33 species ofgrasses were investigated in an attempt to locate additional grasses with characteristics intermediate to those normally observed in C3 and C4 grasses.
MATERIALS AND METHODS
Plant Matenal. Plants exhibiting C4 photosynthesis have higher '3C/'2C ratios in their tissues than do C3 plants (7, 25) (Table I ). The value for P. prionitis, was 6 ± 5 ,ul l'. The 02-sensitive grasses, except P. schenckii, has r values ranging from 45 to 55,ul 1-1. P. schenckii exhibited a r of 10 ± 3 1A I-'. The r value for P. schenckii was less than those estimated previously for P. milioides (4, 18, 20, 22 The leaf anatomy of P. maximum (Fig. lA) Sw. 0.20 ± 0.01 6.4 ± 0.7 Panicum rivulare Trin. 0.28 ± 0.03 7.5 ± 1.1 ' Mean and standard deviation of 10 measurements of several crosssections.
within the bundle sheath cells. Outside the well developed vascular bundle sheath is a radial arrangement of thin walled mesophyll cells.
An unusual variation of Kranz anatomy is seen in the leaf crosssection of P. prionitis (Fig. B) . The vascular tissue of large veins is surrounded by two bundle sheaths. The outer bundle sheath is composed of empty parenchyma cells whereas the inner sheath is composed of chloroplast-containing cells. This inner "Kranz" sheath has very thick walled cells and occupies a position which is occupied by the mestome sheath in most other grass species. Data for interveinal distance and maximum lateral cell count of P. prionitis in experiments I and 2 were obtained from measurements between such "fully developed" bundle sheaths. These distances were slightly greater than those observed in P. maximum and all of the 02-insensitive grasses in experiment 1. Numerous smaller veins without the complete double sheath were scattered throughout the leaf of P. prionitis, and inclusion of these smaller vascular bundles in the measurements of interveinal distances would have resulted in values similar to those for other C4 grasses.
Cross-sections of two Panicum species with apparent C3 metabolism are presented in Figure 1 , C and D. The empty bundle sheath cells (Fig. ID) and relatively distant spacing of the bundle sheaths in P. rivulare (Table IV) are characteristic of C3 leaf anatomy. A peculiar trait of this Panicum species is the possession of large air spaces adjacent to many of the bundle sheaths. Leaf anatomy in P. laxum leaves (Fig. IC) is similar to that observed in other C3 grasses investigated in this study.
Leaf cross-sections of P. schenckii (Fig. IE) , P. decipiens and P. milioides (Fig. IF) (Table IV) , they were not different from those values obtained for Dactylis or Stipa (Table II) nor from those Panicum species with greater 02 response and higher F (Table III) . However, the clustering of chloroplasts and other organelles on the centripetal walls of the bundle sheath cells is similar to that found in NAD-malic enzyme type species with C4 photosynthetic metabolism (12, 13) . The proportion of the bundle sheath cell volume which is occupied by chloroplasts and other organelles appears to be considerably less in P. schenckii, P. decipiens, and P. milioides (Fig. 1, E and F ) as compared to P. maximum (Fig. IA) and other 02-insensitive grasses investigated in this study.
DISCUSSION
The classification of grasses in this study as 02-sensitive or 02-insensitive, except for three species in the Laxa group of Panicum, is very similar to the classification of C3 and C4 species by others (6, 9, 19 The reduced 02 response in P. milioides, P. schenckii, and P. decipiens was associated with lower F than observed in the other 02-sensitive species and therefore probably represents a reduced photorespiration rate.
Anatomical characteristics usually associated with C4 grasses (1, 6) were observed for those species which did not respond to 02. In general, the 02-sensitive grasses possessed leaf anatomical characteristics of C3 species, but there was considerable variability in interveinal distance, which overlapped the distances for 02-insensitive species. For Brown (6) has recently proposed the raising to generic rank (Steinchisma) of P. milioides, P. decipiens, and other species with similar leaf anatomy and floral characters. P. laxum was retained in the Laxa group by Brown (6) along with seven other species. P. hylaeicum appears closely related to P. laxum on the basis of spikelet structure (24) and leaf anatomy so presumably it also belongs in the Laxa group. Brown (6) Thus it appears that taxonomic relationships among species of the Laxa group including the Steinchisma genus and the Grandia group are unclear and require further study.
The occurrence of C3 and C4 species in closely related groups is rare in the Gramineae. Except in the Laxa group of Panicum, no species examined in this study showed gas exchange characteristics intermediate between C3 and C4 species. The variability observed in the Laxa group, however, makes it a very promising group of plants for study of relationships between C3 and C4 grasses. The species which Brown (6) recently assigned to the Grandia group are apparently closely related C3 and C4 species, which may offer the possibility of hybridizing C3 and C4 plants. The discovery of two additional species similar in photosynthetic and anatomical characteristics to those reported for P. milioides (3, 4, 10, 17, 18) shows that reduced photorespiration and intermediate photosynthetic characteristics are not limited to one species in this genus. Further studies of species in this group of Panicum species should aid in understanding relationships between C3 and C4 photosynthetic pathways and the possibility of manipulating photosynthetic characteristics to improve efficiency of C3 plants.
